of 49 Wyoming toads (Bufo baxteri) kept at Omaha's Henry Doorly Zoo (Nebraska, USA) died showing clinical signs of ventral erythema, inappetance, lethargy, and delayed righting reflex. Treatment with antifungals and antibiotics was unsuccessful in all cases. Histopathologic analyses revealed dermatitis as the primary problem in 20 of 21 toads in which skin was examined. Fungal dermatitis was present in 17 toads, with hyphae approximately 1-3 mm in diameter, and parallel cell walls and frequent septations. In 14 animals, the fungal dermatitis was the main pathologic lesion. Several species of bacteria were associated with all cases. A few animals tested positive for Ranavirus using polymerase chain reaction. Fusarium sp. was consistently cultured from skin, feces, kidneys, and from powdered food provided to crickets. Four isolates were identified as Fusarium proliferatum, Fusarium oxysporum, Fusarium solani, and Fusarium verticillioides, which suggested a secondary role of fungi. A specific underlying cause of disease could not be found, although the roles of humidity and Ranavirus infection are discussed, along with the well-known susceptibility of bufonids to fungal dermatitis.
INTRODUCTION
Amphibian populations are declining at an alarming rate on a global scale (Stuart et al., 2004) . Overexploitation, habitat reduction, diseases, climate change, pesticides, and ultraviolet light exposure have all been suggested as contributing causes of these declines (Daszak et al., 1999; Stuart et al., 2004; Hayes et al., 2006; Bosch et al., 2007; Macías et al., 2007; Gray et al., 2009 ). The Wyoming toad (Bufo baxteri) is a clear example of this amphibian crisis; since its discovery, the entire population has been restricted to the Laramie Basin of Albany County, Wyoming, USA, but it was still abundant in the 1950s and 1960s (Lewis et al., 1985) . However, by the mid-1970s, a major decline in population numbers had occurred, and the species was near extinction by the early 1980s (Lewis et al., 1985) . In 1994, the remaining population was captured to establish a captive breeding program, which led to their repatriation to Mortenson Lake, in the Laramie Basin (Parker and Anderson, 2003) .
Chytridiomycosis, the infection by the fungus Batrachochytrium dendrobatidis, has been implicated in population declines of many species of amphibians, including the Wyoming toad (Daszak et al., 1999) . Infection by the fungus Basidiobolus ranarum has been reported as the main cause of mortality in free-ranging Wyoming toads, although Fusarium sp. has also been incidentally isolated from these animals (Taylor et al., 1999) . Fusarium spp. are opportunistic filamentous fungi widely distributed in soil, water, plants, and other organic substrates (Ortoneda et al., 2004; Nucci and Anaissie, 2007) . In immunocompromised humans, a few species of Fusarium can cause superficial or disseminated infection (Nucci and Anaissie, 2007) . There is only limited information about Fusarium spp. infection in nonhuman mammals (Jand and Gupta, 1989; Evans et al., 2004) , and experimental infections in mice have demonstrated that immunocompromised animals are more severely affected by Fusarium spp. infections than immunocompetent animals (Legrand et al., 1991) . Infection by Fusarium in lower vertebrates is also rare (Crow et al., 1995; Rose et al., 2001) , although the fungus has been reported to be part of the normal gastrointestinal mycobiota of reptiles (Gugagni and Okafor, 1980; Enweani et al., 1997 
Husbandry
The toads were housed in Rubbermaid brand polycarbonate tanks (60345330 cm), located in special quarantine rooms. The tanks were inclined so they could provide an area with water and a dry area. Full-spectrum light was provided using one 65-watt fluorescent bulb (ESU 240 Reptile UV Aqualight Desert 7% UVB, Energy Savers Unlimited, Walnut Creek, California, USA) per cage, placed 30 cm above the floor. Temperature in the tank ranged from 25 to 40 C. Photoperiod was 12:12. A small moss box was provided to create a damp environment and a place to burrow. Toads were fed six times per week a variety of food items, including crickets, earthworms, waxworms, flightless fruit flies, and flour beetles. Toads were initially treated during quarantine with an itraconazole bath (1% for 5 min, once a day, for 5 days; 10 mg/ml SporanoxH oral solution, Ortho Biotech Inc., Raritan, New Jersey, USA) for chytrid prevention. Nevertheless, chytrid has never been detected in this population of captive animals on histopathology or PCR. Vitamin A (0.75 mg retinol topically on the back of the toad twice weekly for 6 mo; Aquasol AH parenteral, Mayne Pharma Inc., Paramus, New Jersey, USA) was supplemented after two toads died between September 2006 and April 2007 with squamous metaplasia of the tongue.
Microbiology
Samples collected for microbiology testing included swabs of skin, cloaca, coelomic cavity, feces, kidney, and liver. Samples from internal organs were collected aseptically using flamed new scalpels to incise coelomic wall and to section liver and kidney. Fungal and aerobic cultures from different organs were performed at the Nebraska Medical Center (Omaha, Nebraska, USA). Fusarium species identification was performed at the Fusarium Research Center, Pennsylvania State University, University Park, Pennsylvania, USA. Fungus susceptibility testing was performed at the Fungus Testing Laboratory, University of Texas Health Science Center, San Antonio, Texas, USA, using the microbroth dilution procedure according to the Clinical and Laboratory Standards Institute (CLSI, 2008) . Susceptibility was based on data reported by Ortoneda et al. (2004) and Có rdoba et al. (2008) .
Histopathology
Dead toads were refrigerated, and necropsies were performed within 1-20 hr of death. Whole carcasses were fixed by immersion in 10% neutral buffered formalin. Formalin-fixed tissue samples were submitted to Northwest Zoopath (Monroe, Washington, USA), where the internal organs were embedded in paraffin, sectioned at 5 to 7 mm, stained with hematoxylin and eosin, and examined under the light microscope by two diplomat pathologists. The same procedure was performed for the skeleton and skin, after decalcification in 5% formic acid. Sections of skin included several serial transverse, full thickness sections through the head, longitudinal sections through the dorsum with spine, transverse sections through the ventral body wall, and longitudinal sections through the entire length of the hind limb. Additionally, the hind foot, including all toes, was examined en toto histologically by facing the ventral aspect of the foot in the block.
Other tests
Conventional PCR was performed by the Veterinary Diagnostic and Investigational Laboratory (VDIL, Tifton, Georgia, USA) targeting an approximately 500-bp region of the major capsid protein gene for Ranavirus. Successful testing of paraffin-embedded tissues for Ranavirus was first reported by Kattenbelt et al. (2000) and is routinely performed by the VDIL, with the modification of using a non-nested protocol. Briefly, the DNA was extracted from paraffin-embedded tissues (shavings of a mixture of skin, liver, and kidney samples) from all 14 toads using a QIAamp DNA Mini Kit (Qiagen, Valencia, California, USA). The PCR was performed on the DNA using the MCP 4 and MCP 5 primers reported by Mao et al. (1997) . The PCR products were visualized by gel electrophoresis.
Wet mounts were performed from skin scrapings and shed pieces of skin from two toads (08-2302 and 08-2798). These wet mounts were stained with modified Wright stain and examined under a light microscope.
RESULTS

Between May 2007 and June 2008, 30
toads (58.8% of the original population) developed one or more episodes of disease and died. On histopathology, fungal dermatitis was the main pathologic finding in 14 cases (46.67% of the mortality between May 2007 and June 2008). In three cases (10%), the bacterial component of the dermatitis was as important as the fungal one. Three cases (10%) had bacterial dermatitis as a main pathologic finding, and one case (3.33%) had multisystemic mineralization as a main pathologic finding, although bacterial dermatitis was also present. The remaining nine cases (30%) were toads in which the skin or entire body were not submitted for histopathology.
Clinicopathologic aspects of the toads for which fungal dermatitis was the main pathologic finding (14 animals) are described here and summarized in Table 1 .
Clinical signs included erythema of the ventral skin, erythema of the toes, discoloration of the dorsal skin, excessive shedding, dehydration, changes in behavior (lethargy, inability to catch prey, no interest in prey, decreased righting reflex), and sudden death without premonitory signs. No standardized protocol was used to treat these toads, but one of the following protocols was used: piperacillin/ tazobactam (100 mg/kg intramuscularly [IM] daily [SID] for 10 days; ZosynH, Wyeth Pharmaceuticals Inc., Philadelphia, Pennsylvania, USA), ceftazidime (20 mg/ kg IM SID for 10 days; TazicefH, Hospira Worldwide Inc., Lake Forest, Illinois, USA), amikacin (5 mg/kg IM SID for 10 days; Amikacin C injection, Phoenix Pharmaceutical Inc., St. Joseph, Missouri, USA), ceftazidime + amikacin (at the same doses reported formerly), and itraconazole + any of the former antibiotics (at the same doses reported formerly). Itraconazole baths at the doses described were administered prophylactically to the whole population during three episodes of disease in an attempt to prevent further mortality. All affected animals eventually died. Four animals survived an initial episode of disease, but died several weeks to months later during another episode.
Weight at necropsy ranged from 14 to 44 g. External findings at necropsy included erythematous ventral skin or toes, excessive shedding of dorsal skin, or no detectable abnormalities. Histologic lesions were primarily confined to the skin, with hyperplastic, crusting, and ulcerative mixed cell dermatitis, and large numbers of fungi and bacteria colonizing the keratin, epidermal, and dermal layers, occasionally extending into the hypodermis (Fig. 1A, B ). Hyphae were approximately 1-3 mm in diameter, with parallel cell walls and frequent septations (Fig. 1C) ; the histologic morphology was compatible with Fusarium. Bacterial populations were bacilli of variable size that primarily colonized the keratin layers, occasionally extending into the epidermis. The causative agent of chytridiomycosis, B. dendrobatidis, was not found in any of the skin samples. Wet mounts of the dorsal skin from two toads revealed massive fungal elements with frequent septations (Fig. 1D ) and bacterial populations. Bacterial cultures at necropsy from skin or kidney always revealed multiple organisms, including Stenotrophomonas maltophilia, Citrobacter freundii, Proteus sp., and a number of gram-positive and gram-negative organisms. Cultures were performed at a human laboratory unable to differentiate some isolates not frequently found in humans; therefore, some of the gram-positive and gramnegative organisms could have been species commonly found in amphibians, such as Aeromonas sp.
Fungal cultures from skin, cloaca, feces, kidney, liver, and coelomic cavity, collected premortem or postmortem, grew Fusarium sp. in 100% of the animals sampled (8/8) and in 73.3% of the samples collected (11/15). Premortem sampling was only performed in feces, with 100% recovery of Fusarium sp. (one positive culture out of one sample). At necropsy, Fusarium sp. was recovered from 100% of skin samples (3/3), 25% of kidney samples (1/4), 67% of fecal samples (2/3), 100% of coelomic cavity samples (3/3), and 100% of liver samples (1/1). The animal where Fusarium sp. was isolated premortem from the feces (08-1199) died 4 mo later, and Fusarium sp. was recovered from its skin. One case grew Mucor sp. (in combination with Fusarium sp.) from coelomic cavity, and another grew Trichoderma sp. (in combination with Fusarium sp.) from cloaca. Four Fusarium sp. isolates were submitted for specific identification: A kidney isolate from toad 07-5807 was identified as Fusarium proliferatum; a skin isolate from toad 08-1199 was identified as Fusarium oxysporum; a skin isolate from toad 08-2302 was identified as a combination of F. oxysporum and Fusarium solani; and an isolate cultured from the powdered food provided to crickets was identified as Fusarium verticillioides. Fungus susceptibility testing from a kidney isolate of F. proliferatum (toad 07-5807) and a nonidentified Fusarium isolate from coelomic cavity showed that the isolates were resistant to all antifungals or combinations of antifungals tested (amphotericin B, voriconazole, terbinafine, amphotericin B + terbinafine, voriconazole + terbinafine; Table 2 ), according to susceptibility data reported by Ortoneda et al. (2004) and Có rdoba et al. (2008) .
Conventional PCR for Ranavirus for 14 toads yielded three positives, four suspects, and seven negatives (Table 1) . Bands were observed for three animals. Four additional animals had very faint bands within the 500-bp region and thus were reported as suspect. No bands were observed for the remaining seven animals ( Table 1) .
All toads diagnosed with fungal dermatitis had similar histologic lesions regardless of sex, presence of clinical signs previous to death, Ranavirus status, and treatments performed. Cloacal or skin swabs were collected from six clinically normal toads in December 2007: Only one toad (08-1199) was positive for Fusarium sp. and Trichoderma sp., from a cloacal swab. Within 5 mo, all six toads remained alive except for toad 08-1199, which died from fungal dermatitis, and Fusarium sp. was isolated from skin. No difference in disease survival after treatment was seen between animals that eventually died with fungal dermatitis or animals that eventu- ally died with bacterial dermatitis. Fungal cultures were performed in three cases where bacterial dermatitis was the main pathologic finding. Fusarium sp. was isolated from two of these animals: from kidney of one toad and from cloaca of both. Mild bacterial dermatitis was present in two toads that died from causes other than dermatitis (one died from squamous metaplasia [hypovitaminosis A] before May 2007 and the other from mineralization); skin was not available from the second toad that died from squamous metaplasia before May 2007.
DISCUSSION
Fusarium species are important plant pathogens that can produce opportunistic infections in humans and animals (Nelson et al., 1994; Crow et al., 1995; Guarro and Gené , 1995; Rose et al., 2001; Nucci and Anaissie, 2007) . In human medicine, most cases of fusariosis affect the skin or nails (Guarro and Gené , 1995; Ninet et al., 2005; Nucci and Anaissie, 2007) and immunosuppression is considered to play a major role in the development of Fusarium infections (Nelson et al., 1994; Guarro and Gené , 1995; Nucci and Anaissie, 2007) . Fusarium was isolated from the feces of animals without signs of disease and from animals that died from bacterial dermatitis. In addition, Fusarium has been isolated from free-ranging Wyoming toads that died from other conditions (Taylor et al., 1999) . These data might be compatible with these fungi being part of the normal microbial flora in healthy animals; however, the possibility that the fungi were introduced into the captive population through the crickets also exists. Due to the identification of several species of Fusarium, and the fact that other fungal species were also isolated, these fungi were not believed to be a primary pathogen in this mortality event.
Mycotic dermatitis has been reported as the main cause of mortality in both captive and free-ranging Wyoming toads (Taylor et al., 1999) . The etiologic agent in most of these cases was the fungus Basidiobolus ranarum; however, Fusarium spp. was also isolated from toads that died from infection by Basidiobolus ranarum. It has been shown in anurans that susceptibility to fungal dermatitis is related to the secretion of certain antimicrobial peptides in the skin (Woodhams et al., 2006) . Groups of anurans that secrete scant antimicrobial peptides or peptides with little antimicrobial properties are more susceptible to dermatitis such as that produced by the fungus Batrachochytrium dendrobatidis. True toads (family Bufonidae) are among these highly susceptible species (Woodhams et al., 2006) , and our data suggest that the Wyoming toad follows the same pattern as other bufonids. Other factors could have facilitated the development of fatal fungal dermatitides. High humidity and constant access to water could have wetted the skin excessively, facilitating fungal colonization. Immunosuppression due to environmental factors (temperature and exposure to ultraviolet light) has been suggested to explain massive mortalities in amphibians (Carey et al., 1999) . Repeated antifungal treatments with itraconazole in this population of captive toads may have eliminated other fungal species able to compete with Fusarium, facilitating its multiplication. Antimicrobial treatments also could have eliminated bacteria that may have prevented fungal disease, as it has been demonstrated in other amphibians (Becker and Harris, 2010) . It is difficult to characterize the effect of bacteria on the outcome of this disease, particularly considering that the laboratory could not identify many isolates. However, some isolates that could be identified at the level of genus or species (Citrobacter freundii, Proteus sp.) have no protective antimicrobial effects and can be considered pathogenic (Glorioso et al., 1974; Lu et al., 2010) . It is unlikely that antibiotic treatment was a contributing factor in the development of fungal dermatitis, because antibiotics only were applied once the animals were clinically sick, and the condition also developed in animals not treated with antibiotics. The dermatologic effects produced by the application of the adjuvant included in the formulation of retinol (0.5% chlorobutanol, 12% polysorbate 80, 0.1% citric acid, and sodium hydroxide to adjust the pH) are also unknown. Finally, the role of Ranavirus in this mortality event is unknown, since histologic lesions of Ranavirus infection were not found and not all affected animals were positive on Ranavirus PCR. In addition, adult anurans can be asymptomatic carriers of ranaviruses (Robert et al., 2007; Driskell et al., 2009) , and immunosuppression due to Ranavirus infection in animals that die from other conditions has only been hypothesized (Driskell et al., 2009) .
Husbandry management was changed at the Henry Doorly Zoo after completion of this work. When a group of toads was housed in tanks with increased aeration and reduced environmental humidity, mortality was decreased, but not completely eliminated. A second group of toads housed in natural substrate with limited access to water experienced no mortality for 9 mo, but mortality resumed afterwards. These data suggest that prolonged exposure to water could have been a predisposing factor for the development of fungal dermatitis in these captive Wyoming toads; however, other factors could have influenced survival rates of these two groups of animals (e.g., Ranavirus infection).
The mechanism by which Fusarium could have caused the deaths of infected Wyoming toads may have been similar to the one suggested in the case of chytridiomycosis: disruption of the skin (epidermal erosion, hyperplasia, and hyperkeratosis) leading to interference with normal skin function, including water and electrolyte homeostasis (Nichols et al., 2001 ). In animals with chytridiomycosis, electrolyte transport across the epidermis was greatly inhibited, plasma sodium and potassium concentrations were markedly reduced, and asystolic cardiac arrest resulted in death (Voyles et al., 2009) . It was believed that the condition was relatively acute because loss of body condition and depletion of fat storage were not observed. Fusarium was also isolated from kidneys and coelomic cavity of affected animals, which supports the idea of a failure of the skin to function as a barrier to infectious agents. Skin lesions were severe in most cases, and dehydration was a common clinical sign (assessed as dry and dark skin with abnormal folds). In addition, the role of a mycotoxin should be considered, because species of Fusarium are able to produce mycotoxins with different pathogenic effects depending on the species affected (Nelson et al., 1994; Javed et al., 1995) . One of the animals died from multisystemic mineralization, which was believed to be related to calcium/phosphorus imbalance in the diet; however, diet was the same for all toads.
The isolates of Fusarium tested for sensitivity were resistant to amphotericin B, voriconazole, amphotericin B + terbinafine, and voriconazole + terbinafine. In addition, clinical evidence showed that the fungus was also resistant to itraconazole. This high resistance is typical of fungi in the genus Fusarium (Ortoneda et al., 2004; Có rdoba et al., 2008) and limits the use of chemotherapy in the treatment of clinical cases.
In conclusion, high mortality was observed in Wyoming toads with concurrent infections by several species of Fusarium. Bufonids, and particularly Wyoming toads, are highly susceptible to fungal dermatitides, and this fact will always be a predisposing factor in the management of captive and wild populations of these animals. The initiating cause of this mortality event is unknown, but husbandry issues (particularly constant exposure to water) and ranavirus infection should be considered. Some husbandry changes performed after the completion of this paper suggest that providing a drier and more natural environment (i.e., the use of natural substrate) can provide some help in the prevention of this problem. Due to resistance of Fusarium to multiple antifungal drugs, efforts should be directed at investigating and preventing fungal dermatitis in Wyoming toads.
